To compare radiological records of 90 consecutive patients who underwent cemented total hip arthroplasty (THA) with or without use of the Rim Cutter to prepare the acetabulum. Methods. The acetabulum of 45 patients was prepared using the Rim Cutter, whereas the device was not used in the other 45 patients. Postoperative radiographs were evaluated using a digital templating system to measure (1) the positions of the operated hips with respect to the normal, contralateral hips (the centre of rotation of the socket, the height of the centre of rotation from the teardrop, and lateralisation of the centre of rotation from the teardrop) and (2) the uniformity and width of the cement mantle in the 3 DeLee Charnley acetabular zones, and the number of radiolucencies in these zones. results. The study group showed improved radiological parameters and were closer to the anatomic centre of rotation both vertically (1.5 vs. 3.7 mm, p<0.001) and horizontally (1.8 vs. 4.4 mm,
of the bony acetabulum, into which the flange of an acetabular implant sits. 4 It fixes the orientation of the socket in terms of version and inclination, as well as the position of the centre of rotation of the component. 4 By reducing the space for cement egress underneath the flange as the socket is seated, there is a sustained rise in cement injection pressure behind the socket during implantation. 4 This improves cement macro-and micro-interlock and creates a congruent cement mantle with no radiolucency at the cementbone interface, especially in the highly predictive DeLee Charnley zone 1. 5, 6 We compared radiological records of 90 consecutive patients who underwent cemented total hip arthroplasty (THA) with or without use of the Rim Cutter to prepare the acetabulum.
Materials and Methods
Based on a previous study, power analysis for the difference in the mean height of the centre of rotation (2±3 mm) indicated that at least 37 cases were needed in each of the study and control groups, assuming a 0.05 level of significance with a power of 0.8. 7 To ensure this minimum power was achieved, 45 consecutive patients in each group were recruited between June 2006 and September 2006. In the study group, the acetabulum was prepared using the Rim Cutter as previously described, 4 whereas in the controls, the device was not used. All the THAs were performed by 2 consultants and 3 fellows using a standardised technique that involved an Exeter Contemporary flanged cup and Exeter Universal stem (Stryker Orthopedics, Mahwah [NJ], USA). Patients were excluded if they underwent bilateral THA or already had a THA or had a dysplastic hip on the contralateral side, as a normal contralateral hip was required to define the optimal socket position.
Postoperative radiographs were evaluated using a digital templating system-the OrthoView (Orthochart; Ortho-Graphics, Salt Lake City [UT], USA) software to measure (1) the positions of the operated hips with respect to the normal, contralateral hips (the centre of rotation of the socket, the height of the centre of rotation from the teardrop, and lateralisation of the centre of rotation from the teardrop) and (2) the uniformity and the width of the cement mantle in the 3 DeLee Charnley acetabular zones, 6 and the number of radiolucencies in these zones. The centre of rotation was located by projecting 2 circles onto the femoral head of the normal hip and the prosthetic head ( Fig. 2 ). Line 1 was drawn across the bottom of the obturator foramen. Line 2 was drawn across the teardrops parallel to line 1. The inter-teardrop line joined each teardrop at the inferomedial position of the acetabulum. A box was then created on each hemi-pelvis. Line 3 was drawn vertically through the centre of the femoral heads. Line 4 was drawn vertically down at the teardrops in both hips crossing line 2. The cup height in relation to the pelvis was measured from the centre of the femoral head to line 2. The lateralisation of the centre of rotation of the cup was the distance between line 4 and line 3 on both sides.
surgical technique
The posterior approach was used. The labrum was removed from around the periphery of the acetabulum, and the true medial wall of the acetabulum was identified using a reamer or longhandled gouge. The transverse ligament was located so that the cup was inserted at the correct centre of rotation. The acetabular component was implanted so that its inferior edge was at the level of the transverse ligament. After removal of the medial and large peripheral osteophytes, a good cancellous surface was achieved using concentric reaming. The size of the largest reamer determined the size of the acetabular component (2 mm less than the reamer size). The device cut a rim around the periphery of the acetabulum to a set depth ( Fig. 3 ). The flange of the socket seated into this rim, thus controlling the orientation and depth of socket insertion. The device was attached to a power tool to cut a groove in the periphery of the acetabulum of the appropriate diameter for the flange. The apical hemispherical guide fitted into the reamed base of the acetabulum, centralising the cutter. The device was pressed down onto the rim of the acetabulum. It was advanced to its fullest extent by exerting pressure against the spring between the dome and the cutting ring until it reached an end-stop. This ensured a congruent cement mantle of ≥4 mm around the acetabular component. The device incorporated an alignment rod to guide the abduction and anteversion. If the handle was placed with the alignment rod vertically, then the cutting edge was at an angle of 45º to the horizontal. The anteversion guide was then used to direct approximately 25º of anteversion in relation to the long axis of the patient. Any debris created, including the innermost fibres of the transverse ligament, was removed. The acetabular component was then cut around the second line of the flange to ensure that the rim of the socket fitted accurately. The socket needed to be stable enough for a trial reduction if the femur was prepared and a broach inserted.
Multiple keyholes were drilled in the acetabulum, and bone graft reamings were impacted against the smooth cortical medial wall to improve cement fixation. Packing the bone chips onto the transverse ligament could prevent extrusion of cement under that structure. 8 The socket was then thoroughly washed and dried, and then cemented with firm pressure. The iliac sucker was used in the wing of the acetabulum to enhance cement penetration and clear blood from the cement-bone interface. 2, [9] [10] [11] The socket was then inserted 5 to 7 minutes after mixing of the Simplex cement at 20ºC, using the introducer and an axial pusher to drive the socket into the seated position. A greater force was needed to seat the cup as the flange approached the rim, because the pressure rose within the cement behind the cup.
statistical analysis
Continuous data were reported as means, standard deviations, and 95% confidence intervals or medians and interquartile ranges, as appropriate. Data were analysed using analysis of variance with the absolute difference (between the anatomic and prosthetic centres of rotation) as the dependent variable and the group (study or control) as the fixed factor. All tests were 2-sided, and the level of statistical significance was set at 5%. Cement mantle thickness in each zone was compared using the Mann-Whitney U test and adjusted with the Bonferroni correction. The frequencies of uniformity in the 3 zones were compared using the Pearson's Chi squared test. The number of radiolucent lines in each group was compared using Fisher's exact test.
results
The mean absolute difference in the height of the centre of rotation was 1.5 (95% confidence interval [CI], 1.2-1.8) mm in the study group and 3.7 (95% CI, 3.2-4.1) mm in the controls (p<0.001, Table) . The mean absolute difference in lateralisation of the centre of rotation was 1.8 (95% CI, 1.3-2.3) mm in the study group and 4.4 (95% CI, 3.7-5.1) mm in the controls (p<0.001, Table) . Therefore, the socket was placed closer to the centre of rotation in the study group, compared to controls.
In the study group, 49% of the implanted sockets were lateralised (0.5-6.5 mm lateral difference from the normal hip), 11% were in the anatomic position (<0.5 mm difference), and 40% were medialised (0.5-6 mm medial difference from the normal hip). In the control group, 44% were lateralised (1-7.5 mm lateral difference from the normal hip), 56% were medialised (0.5-9 mm medial difference from the normal hip), and no socket was at the anatomic position.
The cement mantle was significantly more concentric in the study group (more patients had a similar width of cement mantle in all zones) than in the control group (p<0.001, Pearson's Chi squared test, Table) . Two patients in the controls had radiolucencies in zone 1, compared to none in the study group (p=0.49, Fisher's exact test). The width of the cement mantle was significantly higher in the study group in all zones (p<0.001, Mann-Whitney U test with Bonferroni correction, Table) .
discussion
The long-term outcome for cemented THA is good, but the acetabulum is the limiting factor for success. The Rim Cutter enables more accurate anatomic restoration of the prosthetic hip and delivery of a more uniform cement mantle. Radiolucencies around the cement mantle (a short-term indicator) have been used to predict longer-term survival of the acetabular component. 5 In our study, the 2 consecutive groups of patients were similar in terms of demographics and selection criteria. Radiological evaluations could have been performed by more than one reviewer, and inter and intra-observer analysis performed.
The optimal placement of the cup has been controversial. Improper cup angle is associated with recurring dislocations, and a safe zone of 35º to 45º is suggested. 12 To maintain bony containment of the acetabular cup, an angle of >45º is recommended, which correlates with a reduced incidence of global radiolucencies and linear wear. 13 However, <40º of inclination is reported to confer a lower risk of revision. 14 An accurately machined rim around the periphery of the acetabulum enables the cup to be placed into a pre-rehearsed 'safe zone'. 12 In addition to stability, cup position also influences both prosthetic impingement and wear, which can be reduced by more accurate component positioning. It is challenging to achieve consistency in placing the 15 regardless of the surgeons' grade and experience. When the Rim Cutter was used, the cup could be placed closer to the centre of the rotation of the acetabulum, and there was less danger of superomedial placement.
It has been suggested that a 2-to-5-mm depth of cement penetration is optimal. 11, [16] [17] [18] [19] Thin or incomplete cement mantles should be avoided, as they may result in cement fracture and increased polyethylene wear. 20 A thin cement mantle in zone 1 and a deficient mantle in zone 2 are related to rapid polyethylene wear at 10 years. 21 When the Rim Cutter is used, cement penetration and mantle thickness in zones 2 and 3 improves, with a reduced incidence of bottoming out of the socket. 22 Most acetabular components are eccentric within their cement mantles; the device improves the uniformity of the cement mantle thickness (p<0.001) and the more accurate placement of the socket. 15 The absence of radiolucent lines especially in DeLee Charnley zone 1 is the most important factor predicting the long-term survival of the acetabular component. 5, 16, 23 Cups with complete radiolucent lines on radiographs subsequently migrate, regardless of the thickness of the line. In a series of Charnley hip arthroplasties, 5 28% of cases with zone-1 radiolucency progress into a loose cup in the medium term. Even minor demarcations in zone 1 in the first year can lead to radiological loosening in 35% to 40% of the patients within 10 years. 3, 24 Radiolucencies in zone 3 are also associated with migration and less stability. 25 Even when more advanced cementing techniques are used, the rate of zone-1 radiolucencies are in excess of 10%. Thus, prevention of zone-1 radiolucency is of paramount importance. 26 To reduce the occurrence of radiolucent lines, drilling penetration holes for the cement, cleansing the bone bed of marrow and debris by pulsatile lavage, 27 minimising bleeding by the use of hypotensive anaesthesia, careful haemostasis with hydrogen peroxide solution 28 or adrenaline 29 using a sucker aspirator, 10, 30 and prolonged application of a proprietary pressuriser 31 have all been recommended. As injection pressure of the cement is lower in the acetabulum than in the femur, the same inter-digitation cannot be achieved. The flanged sockets have a beneficial effect on the radiological appearance of the cement-bone interface at the time of implantation, especially in zone 1. 3 This benefit is maintained at 10 years, with 42.7% of flanged sockets showing no evidence of radiological demarcation, as opposed to 30.3% in an unflanged group. Flanged sockets improve the cement-bone interface by increasing the cement injection pressure. Flanged cups produce higher peak pressures and higher intruded cement volumes than unflanged cups. 32 There is a significant increase in peak pressure at both the apex (p=0.039) and rim (p=0.004) when the Rim Cutter is used and a flanged cup inserted. 4 There is also a significant increase in cement penetration under the rim of the cup when compared to both flanged and unflanged cups (p=0.003). This may explain why fewer radiolucent lines were found in any zone in the immediate postoperative radiographs in our study group.
conclusion
The rim-cutting device resulted in more accurate placement of the centre of rotation of a cemented prosthetic socket, and produced a thicker, more congruent cement mantle with fewer radiolucent lines.
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